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Tab.1 Geometric parameters of the cutter
BEI9S  D/mm N/ A a/ (") t/pm
01 12 4 45 0 3
02 12 2 35 0 3
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Tab. 2 The important properties of TiAIN coating

HERES B ZHUH
TOUAE B2 /H V0. 05 3300
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JE R J1/GPa —1.3/—1.5
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Fig.1 Workpiece
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Tab. 3 The physical properties of 3Cr2Mo steel

ZH ZHUH
R/ (1o m ) 7.81
FE R/ MPa 212 000
PREHR/[W e (m+ K)7] 36.0
N % /10 6 K1 11.9
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Tab. 4 Cutting parameters used in the experiment

I 244 ZHUH
YIHEE o/ (m * min~ 1) 301~754
F A EEHE 0/ (r « min™1) 8 000~20 000
MR f,/(mm + tooth™!) 0.025~0. 125
P HE o/ (mm » min~ 1) 800~8 000
B YIE Ad/mm 12
VI % B Ra/mm 0.1~0.3
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Fig. 2 Surface roughness vs. cutting speed
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Fig. 3 Surface roughness vs. feed rate
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Fig. 4 Surface roughness vs. radial depth of cut
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Tab.5 Experimental design matrix and results

s v 1 g il Ra i N R,
1 301 1 0.050 1 0.1 1 1 0.110
2 301 1 0,075 2 0.2 2 2 0.145
3 301 1 0.100 3 0.3 3 3 0.217
4 490 2 0.050 1 0.2 2 3 0.065
5 490 2 0.075 2 0.3 3 1 0.101
6 490 2 0.100 3 0.1 1 2 0.191
7 754 3 0.050 1 0.3 3 2 0.057
8 754 3 0.075 2 0.1 1 3 0.122
9 754 3 0.100 3 0.2 2 1 0.190
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Tab. 6 Intuitive analysis of the results for the design of experiments
v f2 Rq
1 2 3 1 2 3 1 2 3
R, 0. 157 0.119 0.123 0.077 0.123 0.199 0. 141 0.133 0.125
o 0.038 0.122 0.016
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Fig. 5

Main effects plot for workpiece surface roughness. R,
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Tab. 7 Analysis of variance results for R,

HWF Dy S MS F /%
v 2 0.002 664 0.001 332 123. 33 10. 21
fu 2 0.022 817 0.011 408 1 056.30 88. 06
Ry 2 0.000 384  0.000 192 17.78  1.40
Se 2 2.16X107°  1.08X10°? 0.33
S 8 0.025 887 0. 003 236 100
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Tab. 8 Analysis of variance results for the regression

equation of R,(m=4,n=9)

Dy S MS F
4 0.025 374 0. 006 344 49. 56
Se 4 0.000 513 0.000 128
S 8 0.025 887
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Tab. 9 Significance analysis for the regression

coefficients of R, model (m=4,n=9)

b; N t
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by 0. 000 580 2.99
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Tab. 10 Analysis of variance results for the regression

equation of R,(m=3.,n=9)

Dy S MS F
Se 3 0.024 990 0.008 330  46.54
Se 5 0. 000 897 0.000 179
St 8 0.025 887
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Significance analysis for the regression

Tab. 11

coefficients of R, model (m=3,n=9)
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b3 0. 000 686 2.52
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Fig. 6 Cutting speed v and feed rate f, vs. R,
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Surface roughness in high-speed side milling of hardened mold steel

PANG Jun-zhong'**.

WANG Min-jie*",

DUAN Chun-zheng'

( 1.Key Laboratory for Precision & Non-traditional Machining Technology of Ministry of Education, Dalian University of

Technology, Dalian 116024, China;

2. School of Mechanical Engineering and Automation, North University of China, Taiyuan 030051, China )

Abstract : Using 12 mm diameter solid carbide straight end mills with TiAIN coating, a 3Cr2Mo(AISI

P20) steel at 41 HRC was machined at high cutting speed. The workpiece surface roughness was

measured with a surface roughness tester. The effects of cutting speed, feed rate and radial depth of

cut on the surface roughness were investigated by analysis of orthogonal experiment and single factor

analysis. The results show that feed rate and cutting speed are most sensitive to surface roughness.

Furthermore, the mathematical model for the surface roughness in high-speed side milling of hardened

3Cr2Mo steel is proposed. The cutting parameters tested are: spindle speeds in the range of 8 000 to

20 000 r/min, feed rate variation from 0. 025 to 0. 125 mm/tooth, and radial depth of cut from 0.1 to

0.3 mm.

Key words: surface roughness; forecast model; hardened mold steel; high-speed side milling



